Background/Objectives: Growth hormone (GH) is an important regulator of growth and body composition. It has been shown that GH release can be promoted by administration of various amino acids (AAs), such as arginine and lysine, that are present in soy protein. We previously showed that oral ingestion of soy protein stimulates the GH release, it is not known however to which extent other proteins stimulate the GH secretion. Subjects/Methods: Ingestion of soy protein (soy), gelatin protein (gelatin), a-lactalbumin protein (a-lactalbumin) and milk protein (milk) were compared on their GH-stimulating capacity. After oral ingestion of protein (0.6 g protein per kg bodyweight), blood was sampled every 20 min for 5 h to analyze GH, AA, insulin and glucose concentrations. The study was performed in eight healthy women (aged 19-26 years; body mass index 19-26 kg/m 2 ) in a randomized, single blind, placebocontrolled crossover design. Results: GH responses were more increased after ingestion of gelatine (8.2 ± 1.1 mg/l) compared with ingestion of soy, a-lactalbumin and milk (5.0±0.8, 4.5±0.6 and 6.4±1.0 mg/l, respectively) (Po0.05). After ingestion of each protein, GH responses were higher compared with placebo ingestion (Po0.05). Simultaneously ingestion of gelatin resulted in the highest serum-arginine concentrations (ARG) compared with after ingestion of the other proteins (Po0.05). Insulin as well as glucose concentrations were not different after ingestion of the various proteins (Po0.05). Conclusions: The GH-promoting activity of protein depends on the protein source, in that, gelatin protein is the most potent GH stimulator. Arginine may be the responsible AA in the GH-promoting effect of gelatin, although each protein may have its own specific AA-spectrum involved in the stimulation of the somatotropic axis.
Introduction
Growth hormone (GH), a hormone originating from the anterior pituitary gland, is an important regulator of growth and body composition (Veldhuis et al., 2005) . GH exerts its growth-promoting effect through stimulation of the secretion of insulin-like growth factor I from the target cells (Veldhuis et al., 2005) . Low GH concentrations may be involved in the pathogenesis of obesity, sarcopenia and growth retardation (Johannsson and Bengtsson, 1999; Scacchi et al., 1999; Hameed et al., 2004; Veldhuis et al., 2005) .
It has been shown by many studies that GH secretion can be promoted by intravenous or oral administration of various amino acids (AAs), either alone or in combination (Knopf et al., 1965; Chromiak and Antonio, 2002) . Especially ingestion of the combination of the AAs arginine (ARG) and lysine (LYS) in a ratio of 1:1 was found to be a potent GH secretor (Isidori et al., 1981) . Previously we found that ingestion of soy protein (SOY), containing relatively high amounts of ARG and LYS in approximately equal amounts, stimulates the GH secretion twofold more compared with a mixture of ARG and LYS (van Vught et al., 2008) . From this, it can be concluded that besides ARG and LYS, also other AAs stimulate the somatotropic axis, as indeed was shown for the AAs methionine, phenylalanine, histidine, glycine and glutamic acid (Knopf et al., 1965) . Therefore, it is expected that ingestion of other proteins than soy, with different ARG/LYS ratios and/or higher concentrations of certain AAs, also influences the GH secretion.
The objective of this study was to examine the GH response after ingestion of different proteins. SOY was hypothesized being a relatively strong GH stimulator among the proteins because of the relatively high and equal amounts of ARG and LYS. We compared this protein with gelatin (gelatin) and a-lactalbumin (a-lactalbumin) because of their distinct ARG/LYS ratios. Thus, gelatin contains relatively high amounts of ARG, but relatively low amounts of LYS (ARG/LYS, 1:0.45), whereas a-lactalbumin contains relatively low amounts of ARG and high amounts of LYS (ARG/LYS, 1:5.8).
In addition, we also tested milk protein (milk) as this protein is widely used in food products, and contains relatively high amounts of LYS, but lower amounts of ARG (ARG/LYS, 1:3.2).
Methods

Subjects
Subjects were recruited by advertisements at the university. They underwent a screening procedure including medical history taking, measurement of bodyweight and height. Eight women were selected on the basis of being in good health, non-diabetic, nonsmoker, nonvegetarian, using oral contraceptives, not using other medication, not spending more than 3 h sport activities a week and at most moderate alcohol users (o10 alcoholic consumptions per week). Only women were included, because in previous studies it was found that women responded more consistently and with a greater increase in GH after ingestion of certain AAs than men (Merimee et al., 1969; Sartorio et al., 2004) . Their mean age was 21 ± 1.5 years, and their body mass index was 22±1.8 kg/m 2 . All tests were performed in the early follicular phase of each woman's menstrual cycle, to eliminate the confounding variable of changing serum estrogen concentrations. The Medical Ethics Committee of Maastricht University approved the study protocol and all subjects gave their written informed consent before participating in the study.
Experimental design
A randomized crossover study design was applied. Subjects reported to the laboratory for consumption of five different test drinks (soy, gelatin, a-lactalbumin, milk and placebo), at separate test days. Each time, subjects arrived in the morning at the laboratory in a fasted state. They were instructed to fast from 2200 hours the night before the test day. A permanent canula was placed into a dorsal hand vein of the contralateral arm, and this hand was kept in a thermoregulated (60 1C) box to sample arterialized venous blood (Abumrad et al., 1981) . Blood sampling began 60 min after placement of the canula. Blood was sampled every 20 min for the next 5 h. During blood sampling, subjects remained awake and were allowed to drink water ad libitum. Immediately after obtaining the first blood sample, subjects received a test drink. The test drink was based on 0.6 g protein per kg bodyweight (reflecting a high-protein meal) dissolved in 400 ml water. The placebo test drink contained 400 ml water. All test drinks, including the placebo, contained 20 ml sugar-free syrup (Diaran, Cereal). The syrup was added for the taste and contained no protein and fat and a negligible amount of carbohydrates (artificial sweeteners). The AA composition of the proteins is shown in Table 1 .
Blood analysis
Arterialized venous blood was collected in clot tubes, containing 'Silica Clot Activator' (Becton Dickinson Vacutainer system; Becton Dickinson, Franklin Lakes, NJ, USA), and in heparinized tubes (Becton Dickinson Vacutainer system; Becton Dickinson). Blood in the clot tubes was allowed to clot for 30 min and was centrifuged at 3000 g, 4 1C for 10 min to obtain serum. Serum was collected for determination of GH and AA concentrations. Blood in heparinized tubes was kept on ice to minimize enzymatic reactions and centrifuged at 3000 g at 4 1C for 10 min to obtain plasma. Glucose and insulin analyses were performed in plasma. Each aliquot was frozen immediately in liquid nitrogen and stored at À80 1C. All samples from the same subjects were run in the same assay.
The GH concentrations were measured by using an ultrasensitive GH chemiluminescence immunoassay (Beckman Coulter, Fullerton, CA, USA). Insulin concentrations were measured by an electrochemiluminescence immunoassay (Roche Diagnostica, Hoffman-La Roche, Basel, Switzerland). Glucose concentrations were measured by using enzymatic assay (G6-PDH) (Roche Diagnostica, Hoffman-La Roche). The concentrations of the AAs arginine, lysine, histidine, methionine, ornithine, phenylalanine and glutamic acid were measured using a high-performance liquid chromatography system (Shimadzu, Duisburg, Germany). These AAs were chosen to analyze because in previous studies these are supposed to stimulate the GH response (Knopf et al., 1965; Isidori et al., 1981; Welbourne, 1995; Castell et al., 1996; Walsh et al., 1998; Chromiak and Antonio, 2002) .
Statistics
Data are presented as mean changes from baseline ± standard error to the mean (s.e.m. 
Results
GH responses as determined by IAUC and peak values were increased after gelatin ingestion when compared with ingestion of soy, a-lactalbumin, milk and placebo (Po0.05). After ingestion of soy, a-lactalbumin and milk, GH responses (IAUC and peak) were increased compared with placebo (Po0.05). GH responses after ingestion of milk were delayed compared with GH concentrations after ingestion of the other proteins ( Figure 1 , Table 2 ).
The insulin responses, determined as IAUC and peak values, were higher after ingestion of the proteins, compared with ingestion of the placebo drink (Po0.05). There were no differences between the insulin concentrations after ingestion of the different proteins. There was no time to peak difference between the insulin responses after ingestion of the different test drinks ( Table 2) .
The glucose concentrations, determined as IAUC and peak values, were not differently affected by ingestion of the test drinks. There was no time to peak difference between the glucose responses after ingestion of the different test drinks ( Table 2) .
AA responses to protein ingestion as determined by IAUC and peak values are shown in Table 2 . ARG concentrations were significantly higher (IAUC and peak) after ingestion of gelatin, compared with the other proteins (Po0.05). Furthermore, ARG concentrations were higher after ingestion of soy compared with a-lactalbumin and milk (Po0.05) ( Figure 2 , Table 2 ). Ornithine (ORN) concentrations were significantly higher (IAUC and peak) after ingestion of gelatin, compared with the other proteins (Po0.05). Furthermore, ORN concentrations were higher after ingestion of soy compared with a-lactalbumin and milk (Po0.05). Histidine (HIS) concentrations, expressed as IAUC and peak value were higher after ingestion of soy or a-lactalbumin compared with gelatin (Po0.05). LYS concentrations were higher (IAUC and peak value) after ingestion of a-lactalbumin compared with the other proteins (Po0.05). Methionine (MET) concentrations (IAUC, peak value) were higher after ingestion of milk compared with the other proteins (Po0.05). Peak values of phenylalanine (PHE) were higher after ingestion of soy or a-lactalbumin compared with gelatin or milk (Po0.05). Peak values of glutamic acid (GLU) were higher after ingestion of gelatin compared with milk (Po0.05) ( Table 2) .
Discussion
This study showed that oral intake of protein stimulates the GH response; moreover, the GH-promoting activity of protein depends on the protein-source, in that, gelatin protein ingestion stimulates the GH response to a higher extent than ingestion of the proteins: soy, a-lactalbumin and milk.
Studies investigating the effect of protein on the somatotropic axis mainly tested milk and found positive associations between milk intake and somatotropic hormones among adults and children (Cadogan et al., 1997; Heaney et al., 1999; Ma et al., 2001; Holmes et al., 2002; Giovannucci et al., 2003; Hoppe et al., 2004a, b; Rogers et al., 2005; RichEdwards et al., 2007) . For instance, in Mongolian children, the GH response was increased after daily intake of 720 ml milk for 4 weeks, compared with baseline (Rich-Edwards et al., 2007). Furthermore, 12-year-old girls showed approximately 10% higher insulin-like growth factor I levels after 
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consumption of 300 ml milk per day for 6 months, compared with their controls (Cadogan et al., 1997) . These findings are in accordance with our finding that milk intake increases the GH response when compared with placebo. Furthermore a study by Ohsumi et al. (2007) investigated the influence of gelatin compared with casein protein on GH secretion. In contrast to our findings, they found reduced GH concentrations after ingestion of a lower quality of dietary protein (that is, gelatine) compared with a higher quality dietary protein (that is, casein) in aged rats (Ohsumi et al., 2007) . In their study, GH concentrations were measured once after an ingestion period of 5 h, which is different from our protocol where we measured GH concentrations every 20 min after ingestion of a constant amount of protein. The different protocols used may have 233.6 ± 20.9
b,c,d
129.2 ± 3.9 121.6 ± 11.0 Lysine (mmol/l) 354.4 ± 9.3 302.1 ± 20.6 546.0 ± 38.0 influenced the results, because casein is known to be aggregated into a gel in the stomach that could delay the absorption rate of AAs in the intestine and therefore delay the GH response after ingestion of casein protein, compared with gelatine protein (Boirie et al., 1997; Dangin et al., 2001) .
The mechanism behind this source-dependent proteininduced GH secretion, with gelatin being the most potent stimulator of GH release, remains unclear. Gelatin is low in essential AAs compared with the proteins soy, milk and a-lactalbumin; however, it contains the highest amounts of ARG among the tested proteins. ARG is widely known and used as a GH stimulating AA (Gunn, 1986; Saggese et al., 1998; Collier et al., 2005) and, therefore, could clarify the GH-promoting effect of gelatin, because ARG intake as well as serum concentrations of ARG were higher after intake of gelatin compared with the other proteins. Simultaneously with ARG concentrations, serum ornithine (ORN) concentrations were higher after ingestion of gelatin compared with the other proteins. ARG is converted into ORN in the urea cycle (Flynn et al., 2009 ) and therefore it is not surprising that these AAs are both present in a higher extent after ingestion of gelatin. Also ORN is known to stimulate the GH secretion (Knopf et al., 1965) .
Furthermore, soy contains relatively high concentrations of ARG and both serum ARG and ORN concentrations were significantly increased compared with concentrations after intake of milk and a-lactalbumin. In our previous work, we found that soy stimulates the GH secretion to a higher extent than a mixture of ARG and LYS, which indicates that also other AAs than ARG and LYS are involved in the GH secretion (van Vught et al., 2008) . This result is confirmed by this study, showing that a-lactalbumin and milk also increase the GH response, but in IAUC and peak not different from soy. a-Lactalbumin contains higher amounts of LYS and intake of a-lactalbumin results in higher LYS concentrations compared with the other proteins. Milk contains higher amounts of MET and the intake of milk results in higher MET concentrations compared with the other proteins. LYS as well as MET are known to stimulate the GH secretion (Knopf et al., 1965) . This finding indicates that the presence of specific GH-stimulating AAs is more important than the ratio of ARG/LYS in a certain protein.
After ingestion of milk, the GH peak was delayed compared with GH peaks after ingestion of the other proteins. This could be explained by the effects of casein in the stomach. Casein is known to be aggregated into a gel in the stomach and therefore AA absorption could be delayed (Boirie et al., 1997; Dangin et al., 2001 ). In our study we found that after ingestion of milk, AA concentrations increase and stay at a certain level for a longer time, compared with the other protein, resulting in an AA plateau that may explain the delayed GH peak after ingestion of milk (Figure 2 ). In spite of the delayed GH peak, GH IAUC and GH peak values were not different between soy, a-lactalbumin and milk.
Furthermore, in our results we did not find differences between glucose/insulin concentrations after ingestion of the various protein, which indicates that glucose and insulin are not responsible for the differences in degree of GH stimulation after ingestion of the proteins.
Future research plans have to focus on the GH-promoting effect of protein after different dosages and on the GHpromoting effect of protein in men. Furthermore, the clinical and physiological relevance of the results of this study remains to be investigated. These results show that in lean healthy women, GH responses increase after oral ingestion of proteins and in particular gelatin protein. It is not known whether this effect also occurs in a GH-deficient population, such as in children who are too small for their age and in obese subjects, and if so, whether this has any physiological effects.
Thus, GH concentrations are increased after ingestion of protein; however, the GH-promoting activity of protein depends on the protein source, in that, gelatin protein is the most potent GH stimulator. ARG may be the responsible AA in the GH-promoting effect of gelatin, although each protein may have its own specific AA spectrum involved in the stimulation of the somatotropic axis.
